B r i e f c o m m u n i c at i o n s Learning facts and motor skills in quick succession can be frustrating; for example, learning a word list and then a motor skill impairs sub sequent word recall, and learning a motor skill and then a word list impairs subsequent performance of the motor skill [1] [2] [3] [4] [5] . Interference may arise from a direct competition between memory processes; if so, it may only be possible to prevent interference by disrupting the interfering memory 2, 6, 7 . Alternatively, a circuit of brain areas bridg ing between the memory processes may support interference; if so, it would not be necessary to directly affect either memory because disrupting the bridge or communication between the processes would be sufficient to prevent interference between the tasks. We sought to distinguish between these possibilities by applying trans cranial magnetic stimulation (TMS) to either the right dorsolateral prefrontal cortex (DLPFC) or the right primary motor cortex (M1; Supplementary Introduction).
In the first set of experiments, participants learned and recalled a list of words (word list learning task, recall 1 ) and then learned a motor skill (informed written consent was provided; these experiments were approved by the Institutional Review Board; Supplementary Methods). Immediately after the two learning tasks, participants received sham stimulation or real TMS to the DLPFC or to M1 (ses sion 1, 8 a.m.; Fig. 1 ). Initial learning of the word list and motor skill in session 1 did not differ significantly across the three groups (recall 1 : ANOVA, F 2,33 = 1.72, P = 0.2; skill 1 : ANOVA, F 2,33 = 0.548, P = 0.583; for word and sequence recall, see Supplementary Results). Participants recalled the word list (recall 2 ) 12 h later and had their motor skill retested (session 2, 8 p.m.; Fig. 1 ). The change in word recall between testing and retesting differed significantly across the three groups (ANOVA, F 2,33 = 5.43, P = 0.009). Following sham stimulation, as has been observed in earlier work without TMS 4 , declarative word recall decreased significantly between testing and retesting (14.9 ± 0.4 versus 13.7 ± 0.5 words, mean ± s.e.m., paired t test, t 11 = 4.84, P = 0.001), and the decrease in word recall was correlated with the initial skill acquired in the motor learning task (R = 0.788, F 1,10 = 16.33, P = 0.002). Similarly, despite applying real stimulation over M1, there was also a significant decrease in word recall between testing and retesting (13.5 ± 0.5 versus 12 ± 0.6 words, mean ± s.e.m., paired t test, t 11 = 6.1, P < 0.001), which was also correlated with the initial skill acquired in the motor learning task (R = 0.684, F 1,10 = 8.789, P = 0.014; Fig. 1 ). The decrease in word recall following TMS to M1 was not significantly different from that following sham stimulation (unpaired t test, t 22 = 1.17, P = 0.252). However, the change in recall following stimulation over the DLPFC was significantly less than that following M1 or sham stimulation (DLPFC versus M1: unpaired t test, t 22 = 3.17, P = 0.004; DLPFC versus sham: unpaired t test, t 22 = 2.2, P = 0.038), as there was no significant decrease in word recall between testing and retesting (14 ± 0.5 versus 13.7 ± 0.6 words, mean ± s.e.m., paired t test, t 11 = 1.6, P = 0.14; Fig. 1 ).
Preventing interference between the tasks, which only follows DLPFC stimulation, can not be attributed to TMS disrupting the inter fering motor skill, as the changes in motor skill between testing and retesting were not significantly different across the three groups (skill 2 -skill 1 : ANOVA, F 2,33 = 0.548, P = 0.583; Fig. 1 ), nor was motor skill at retesting significantly different across the three groups (skill 2 ; ANOVA, F 2,33 = 0.164, P = 0.850). Instead, stimulation may have affected the wordlist task; for example, enhancing subsequent recall and thereby mitigating the interfering effects of the motor skill task. Alternatively, stimulation may have affected the interaction between the tasks. We distinguished between these possibilities by replacing the motor learn ing task with a motor performance task to create an additional group in which participants learned a word list, performed a motor perform ance task, had TMS applied to the right DLPFC and, 12 h later, recalled the word list (Supplementary Methods and Supplementary Results). When the motor learning task was replaced with a motor performance task, which does not interfere with word recall, there was a significant decrease in word recall following DLPFC stimulation 4 (paired t test, t 11 = 2.6, P = 0.025; Supplementary Fig. 1) . Thus, rather than directly affecting the individual tasks in isolation (for example, by disrupting the interfering motor learning task or by enhancing word recall), stimu lation instead overcame the interference between the tasks by affecting the interaction between the tasks (see Supplementary Discussion 8, 9 for statedependent effects of TMS). We also found that the correlation between tasks was significantly reduced when TMS was applied to the DLPFC (M1 versus DLPFC, unpaired t test, t 21 = 2.496, P = 0.021). There was no longer a correlation between the change in word recall and the initial skill acquired in the motor learning task (R = 0.173, F 1,10 = 0.310, P = 0.590; Fig. 1 ), which again implies that applying TMS to the DLPFC affected the interaction between the tasks.
In the second set of experiments, the order of the two memory tasks was reversed: participants learned a motor skill (skill 1 ) and then a list
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When learned in quick succession, declarative and motor skill tasks interfere with one another and subsequent recall is impaired. Depending on the order of the tasks, we were able to prevent memory interference in humans by applying transcranial magnetic stimulation to either the dorsolateral prefrontal or the primary motor cortex, and neither memory was impaired. Our observations suggest that distinct mechanisms support the communication between different types of memory processing. Fig. 2) . Initial learning of the motor skill and word list in session 1 did not differ significantly across the groups (skill 1 : ANOVA, F 2,27 < 1, P = 0.413; recall 1 : ANOVA, F 2,27 < 1, P = 0.945; for motor sequence recall, see Supplementary Results). We calculated motor skill as the difference in average response time during the sequential and subsequent random trials (Supplementary Methods 10 ). Participants performed the motor skill (skill 2 ) and recalled the word list 12 h later (session 2, 8 p.m. ; Fig. 2) . The change in motor skill between testing and retesting differed significantly across the three groups (ANOVA, F 2,27 = 13.7, P < 0.001). Following sham stimulation, as has been observed in earlier work without TMS 4 , motor skill decreased significantly between testing and subsequent retesting (84 ± 6 ms versus 71 ± 5 ms, mean ± s.e.m., paired t test, t 9 = 2.526, P = 0.032), and the decrease in motor skill was correlated with partici pants' word recall for the word learning task (R = 0.647, F 1,8 = 5.75, P = 0.043). Similarly, despite applying real stimulation over DLPFC, there was also a significant decrease in motor skill between testing and retesting (94 ± 9 ms versus 75 ± 8 ms; paired t test, t 9 = 2.552, P = 0.031), which again was correlated with the number of words recalled from the word learning task (R = 0.719, F 1,8 = 8.56, P = 0.019; Fig. 2) . The decrease in motor skill following TMS to DLPFC was not significantly different from that following sham stimula tion (unpaired t test, t 18 = 0.993, P = 0.334). However, there was a significant increase in motor skill following stimulation over M1 (76 ± 11 ms versus 105 ± 10 ms, paired t test, mean ± s.e.m., t 9 = 3.444, P = 0.007), which was significantly different from the motor skill changes following DLPFC or sham stimulation (M1 versus DLPFC, unpaired t test, t 18 = 4.26, P < 0.001; M1 versus sham, unpaired t test, t 18 = 4.21, P = 0.001; Fig. 2) . Improvements in motor skill occur between sessions, when there is no interference from wordlist learning (Supplementary Discussion 4, 7, [11] [12] [13] ).
Preventing interference between the tasks, which only occurs following M1 stimulation, cannot be attributed to TMS disrupting the interfering word list, as changes in word recall between testing and retesting were not significantly different across the groups (recall 2recall 1 : ANOVA, F 2,27 = 1.34, P = 0.279; Fig. 2) , nor was word recall significantly different at retesting across the three groups (recall 2 : ANOVA, F 2,27 = 1.1, P = 0.338). Instead, stimulation may have affected the motor skill task; for example, by enhancing subsequent motor skill and mitigating the interfering effects of the wordlist task (Supplementary Discussion) . Alternatively, stimulation may have affected the interaction between the tasks. We distinguished between these possibilities by replacing the wordlist task with a vowel counting task to create an additional group in which participants learned the motor skill, performed a vowel counting task, had TMS applied to the right M1 and, 12 h later, were retested ( Supplementary  Fig. 2) . When the wordlist learning task was replaced with a vowel counting task, which does not interfere with motor skill, there was a trend toward a decrease in motor skill following M1 stimulation 4 (87 ± 13 ms versus 73 ± 12 ms, mean ± s.e.m., paired t test, t 9 = 1.98, P = 0.079; Supplementary Fig. 2) . Thus, rather than directly affect ing the individual tasks in isolation (for example, by disrupting the interfering word recall task or by enhancing motor skill), stimula tion instead overcame the interference between the tasks by affecting the interaction between the tasks (see Supplementary Discussion 8, 9 for statedependent effects of TMS). We also found that the correla tion between tasks was significantly reduced when TMS was applied to M1 (DLPFC versus M1, unpaired t test, t 17 = 2.42, P = 0.028). Figure 1 Experiment 1, interference between word list and motor skill learning. (a) Participants learned a word list and a motor skill in quick succession, TMS (to DLPFC or M1) or sham stimulation was applied, and participants word recall and motor skill was retested 12 h later. (b) Word recall was impaired by the motor skill learning task despite sham or real stimulation to M1 (mean ± s.e.m.). In contrast, applying TMS to the DLPFC prevented the impairment of word recall by the motor skill learning task. Preventing the interference between the tasks was not dependent on disrupting the interfering memory, as motor skill changes were not significantly different across the groups (mean ± s.e.m.). (c) The relationship between the tasks was affected by stimulation. There was a significant correlation between the decrease in word recall and initial motor skill following M1 stimulation, whereas there was no significant correlation following DLPFC stimulation. The correlation following M1 stimulation was significantly greater than the correlation following DLPFC stimulation (see above R 2 values). Figure 2 Experiment 2, interference between motor skill and word list learning. (a) Participants learned a motor skill and then a word list in quick succession, TMS (to DLPFC or M1) or sham stimulation was applied, and participants motor skill and word recall was retested 12 h later. (b) Motor skill was impaired by the word list learning task after sham or real stimulation to DLPFC (mean ± s.e.m.). In contrast, applying TMS to M1 prevented the impairment of motor skill by the word list learning task. Preventing interference between the tasks was not dependent on disrupting the interfering memory because word recall changes were not significantly different across the groups (mean ± s.e.m.). (c) The relationship between the tasks was affected by stimulation. There was a significant correlation between the decrease in motor skill and initial word recall following DLPFC stimulation, whereas, there was no significant correlation following M1 stimulation. The correlation following DLPFC stimulation was significantly greater than the correlation following M1 stimulation (see above R 2 values).
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There was no longer a correlation between the change in motor skill and the initial word recall (R = 0.269, F 1,8 = 0.624, P = 0.452; Fig. 2 and Supplementary Results), which again implies that applying TMS to M1 affected the interaction between the tasks (for a comparison of the experiments, see Supplementary Fig. 3) .
Our observations suggest that distinct mechanisms support the communication between different types of memory processing, and when this communication is disrupted (for example, by applying TMS to specific brain areas), the interference between the motor skill and wordlist tasks is reduced and both memories are unimpaired. The communication between memory processes may also be disrupted physiologically; for example, as a result of sleep, which would explain the absence of memory interference over sleep (Supplementary Discussion 4, 7, 14 ) . Our observations challenge us to no longer view memory interference as the inevitable consequence of a direct com petition between memories for resources. Instead, memory interfer ence is an actively mediated process, resulting from communication between memory processes that may serve an important function (for mechanism and possible function, see the Supplementary Discussion and Supplementary Fig. 4 ).
Note: Supplementary information is available on the Nature Neuroscience website.
